Numerous studies have documented that stock returns are negatively related to changes in interest rates, but there has been little corroborating research on the information in interest rate changes about the fundamentals which the stock market prices. The negative correlation is often attributed to changes in the discount rate, a denominator effect in a valuation model. However, there may also be a numerator effect on the expected payoffs that are discounted. This paper shows that changes in interest rates are positively related to subsequent earnings, but the change in earnings is typically not large enough to cover the change in the required return. Hence the net (numerator and denominator) effect on equity value is negative, consistent with the results of the research on interest rates and stock returns.
Introduction
A considerable amount of empirical research documents that stock returns are negatively related to changes in interest rates, but there has been relatively little corroborating research on the relationship between interest rates and the fundamentals that the stock market prices. Stock valuation involves discounting expected payoffs, and interest rates affect discount rates. Thus, the negative correlation can be attributed to changes in the discount rate, the so-called denominator effect in a valuation model. But expected payoffs, the numerator in a valuation model, may also be related to interest rates. This paper investigates the information in changes in interest rates about expected payoffs to holding stocks.
We start the analysis by examining the relationship between changes in interest rates and subsequent earnings. We find that unexpected changes in interest rates are positively related to unexpected earnings in the year of the interest rate change and in the subsequent year. This relationship is due to a positive association between interest rates and operating income, which is only partially offset by the positive association between interest rates and net interest expense (earnings equal operating income minus net interest expense). The positive relationship with operating income is due to a large positive effect on revenues, which is partially offset by a positive effect on operating expenses. These results indicate that unexpected changes in interest rates should revise expectations of current and near future revenues, expenses and earnings in the direction of the interest rate change.
We next investigate whether the net effect of changes in interest rates on equity value is negative, consistent with the negative association between stock returns and changes in interest rates. Specifically, we examine whether the change in expected earnings due to a change in interest rates is large enough to offset the negative value effect of the change in discounts rates.
To address this question, we refer to the residual income valuation model which expresses equity value as the sum of current book value and discounted expected residual earnings. Residual earnings are earnings in excess of a charge, at the required return, on the book value of the investment involved in generating the earnings. Interest rates may affect earnings but also affect the rate at which earnings are charged and discounted. Hence, the net effect of interest rate changes on equity value can be non-negative only if the effect on earnings is large enough to compensate for changes in the required earnings on book value and the discount rate. The effect on discount rates is unambiguous, but the net effect on earnings and required earnings is not.
Accordingly, we investigate the relationship between changes in interest rates and subsequent residual earnings.
We find that changes in interest rates are negatively and significantly related to residual earnings in the following five years. We therefore conclude that the net effect of changes in interest rates on equity value is negative, consistent with the documented negative association between changes in interest rate and contemporaneous stock returns. The required earnings component of residual earnings involves the spot interest rate. As interest rates are autocorrelated, a current increase in interest rates implies higher subsequent spot rates and therefore larger required earnings. Empirically, this effect is stronger than the effect of changes in interest rates on subsequent earnings, so the effect on subsequent residual earnings (i.e., earnings minus required earnings) is negative.
To gain further understanding of the relationship between changes in interest rates and subsequent residual earnings, we also examine the determinants of residual earnings:
Profitability and the required return (which together determine excess profitability), and growth in book value (which determines the book value base used in calculating residual earnings). We find that an increase in the one-year interest rate predicts a similar increase in same year profitability, but the change in profitability is less persistent than the interest rate change.
Consequently, changes in interest rates are negatively related to subsequent excess profitability and residual earnings.
The negative relationship with residual earnings holds for changes in both components of nominal interest rates, expected inflation and real interest rates. So our findings are contrary to the Fisher (1930) hypothesis that payoffs to claims against real assets, such as stocks, should fully adjust for inflation. Modigliani and Cohn (1979) argue that investors do not understand that equity earnings provide a hedge against inflation and incorrectly reduce the market values of equities when expectations of inflation (and hence interest rates) rise. Our analysis indicates that equities do not provide a complete hedge against changes in inflation (nor, indeed, against changes in real interest rates), and therefore challenges the interpretation that the negative relation between changes in interest rates and stock returns is due to market inefficiency.
The evidence provided by the study has practical implications. As valuation models incorporate interest rates, valuations based on those models must respond to changes in interest rates. Revising discount rates in response to changes in interest rates is a relatively straightforward matter, but one must also understand how changes in interest rates change expectations of payoffs, and build those changes in expectations into the valuation. Otherwise, one might miscue. Valuation spreadsheets typically build expected inflation rates into sales and earnings forecasts, but we suspect that the forecasting does not always reflect that earnings can be damaged by inflation, as our results and the research on stock returns and nominal interest rates indicate. 4 The paper proceeds as follows. Section 2 provides background and reviews prior research on the relationship between interest rates and equity value. Section 3 investigates the information in interest rates about subsequent earnings, and Section 4 examines the effect on equity value.
Section 5 summarizes the findings and provides suggestions for future research.
Background and prior research
Economic theory demonstrates that equity value is equal to the present value of expected riskadjusted dividends, calculated using the term structure of risk-free interest rates. The risk adjustment to expected payoffs incorporates information about the desirability of payoffs in the different states of nature, and the discounting reflects the time value of money. 1 Thus, holding constant expected risk-adjusted payoffs (the numerator of the valuation formula), an increase in interest rates (the denominator) reduces equity value. Indeed many studies have documented that stock returns are negatively related to changes in interest rates.
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But changes in interest rates may also revise expectations of future payoffs, as interest rates affect (and are affected by) economic activity. This paper investigates the information in changes in interest rates about expected payoffs to holding stocks.
Our investigation is concerned with changes in expectations that are indicated by historical correlations; we are not concerned with causation. However, to demonstrate that changes in interest rates are a priori likely to revise expectations of future payoffs, we review the theory on the effects of changes in interest rates on payoffs and on equity value. In the tradition of Fisher (1930) , nominal interest rates are viewed as being determined by real rates and expected inflation, so we discuss the effects of changes in each of these components. 
Changes in expected inflation
Much of the discussion of the effects of interest rates in the literature has focused on changes in nominal rates due to changes in anticipated inflation. The traditional theory--expounded in Fisher (1930) and Williams (1938, Chapter IX) --claims that the numerator effect should cancel the denominator effect to leave the value of equity unaffected: Stocks are claims on real assets and nominal earnings on real assets should adjust to inflation to yield the same real return.
Thus it is with some surprise that empiricists have documented a negative relationship between changes in expected inflation and stock returns. The two standard historical references are the low stock returns in the 1970s when inflationary expectations increased, and the high stock returns in the 1990s when expectations of inflation declined. But the negative association has been documented more thoroughly in many studies including Lintner (1975) , Bodie (1976) , Fama and Schwert (1977) , and more recently, in Hess and Lee (1999) .
Two explanations are offered in the literature. The first maintains that inflation has real effects on firms' earnings or is correlated with factors that have real effects. Feldstein (1980) argues that inflation results in increases in real corporate taxes because historical cost depreciation and FIFO cost of goods sold, unlike revenues, do not adjust immediately to inflation, so real taxable income increases in times of inflation. Fama (1981) argues that higher expected inflation forecasts lower real economic activity that reduces corporate earnings. Geske and Roll (1983) argue that stock returns forecast exogenous shocks in real output which, in turn, affect the expected rate of monetary expansion and thus the current level of expected inflation. In support of these conjectures about real effects (or association with real effects), Bernard (1986) reports that cross-sectional differences in the association of stock returns with unexpected inflation are partially explained by differences in the sensitivity of cash flow from operations to unexpected inflation. In addition, Sharpe (2001) finds that revisions in stock prices that are related to revisions in expectations of inflation are also related to revisions in analysts' forecasts of expected real earnings growth.
The second explanation by Modigliani and Cohn (1979) attributes the negative correlation with stock returns to market inefficiency. They implicitly assume the numerator effect conjectured by Fisher and Williams but maintain that investors do not appreciate this effect on earnings. So investors capitalize earnings at nominal interest rates without recognizing the growth in earnings that arises with changes in expectations of inflation. This is equivalent to forecasting negative growth in real earnings. Thus, according to Modigliani and Cohn, investors implicitly embrace the conjecture that inflation has real effects and irrationally lower stock prices when expected inflation increases (as in the 1970s) and increase stock prices when expected inflation declines (as in the 1990s).
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Changes in real interest rates
If the effect of the expected inflation component of interest rates on stock values is unclear, more so the effect of changes in real interest rates. Real interest rates represent the price of current consumption in terms of future consumption. Thus, all else equal, changes in real interest rates should have a negative effect on current consumption and a positive effect on future consumption. As the business sector supplies consumption goods and services, one expects changes in real interest rates to be negatively (positively) related to current (future) earnings.
In making investment decisions, firms select projects with internal rates of return greater than the corresponding hurdle rates. Hurdle rates are determined in part by the risk free rate.
Thus, when interest rates rise, the resultant increase in hurdle rates causes firms to select fewer projects, with higher expected returns on average. Accordingly, a rise in interest rates forecasts higher rates of return on investment, but lower investment and earnings. Multiplier effects exacerbate the negative effect on economic activity and firms' profits.
Viewing interest rates as endogenous, rates change from demand shocks to consumption (due to changes in expected wealth or in preferences for current consumption relative to future consumption) and from supply shocks (due to changes in technology or in resources). These effects might be captured in formal models like ISLM analysis, but economists differ on the structure of the models and on the elasticities of current and future consumption and investment.
This discussion does not resolve the issue of how equity values are related to real rates.
As with the issue of the association between expected inflation and equity values it remains an empirical question, and we treat it as such.
Interest rates and subsequent earnings
To examine the information in changes in interest rates about expected payoffs to stockholders, we need a proxy for the payoffs. While dividends may seem a natural candidate, they are often unrelated to long-term potential payout (for example, many firms have zero payout). Further, according to the Miller and Modigliani (1961) dividend irrelevance notion, investors can, under certain conditions, "undo" dividends in the short term such that dividends do not affect their wealth. Thus, investigating any effect that changes in interest rates might have on expected payout over a future finite period gives little indication for the effect on value. To invoke a much-stated dictum, we wish to examine the information in changes in interest rates on the creation of value (from which dividends will be ultimately paid), not on the distribution of value.
Measures of value creation within the firm are based on either cash flow or earnings information. Although cash flow measures (e.g., free cash flow, cash flow from operations) have some advantages over earnings, in our context they are likely to produce biased inference. In the short-term, these measures are negatively affected by investments in fixed assets (free cash flow) and working capital (both measures). Thus, if changes in interest rates affect investment, they would have opposite effects on near-and long-term cash flows. 5 Earnings, in contrast, are not affected by investments in working capital, and they reflect an allocated portion of the cost of fixed assets each period. Accordingly, near-term earnings are likely to capture the effect of interest rate changes on long-term payoffs better than cash flows. We therefore use earnings as a proxy for payoffs and examine the information in interest rate changes on subsequent earnings.
In a robustness section, we examine the sensitivity of our results to measurement issues in earnings (e.g., due to conservative accounting).
Methodology
To examine the information in interest rate changes on subsequent earnings, we run time-series regressions of the cross-sectional mean of unexpected earnings on the unexpected change in interest rates. We run separate regressions for unexpected earnings in the year of the interest rate change (t = 0) and in each of the subsequent five years (t = 1, 2, …, 5). As our data cover the period from 1964 through 2001, the number of observations for the regression of unexpected earnings in year t on the unexpected change in interest rates in year 0 is 38-t.
We estimate the cross-sectional mean of unexpected earnings in year t (UE[E t ]) using the following approach. First, we construct a set of instruments for expected earnings based on information that is available at the beginning of the interest rate change year. Next, using the full panel data sample, we regress earnings in year t (deflated by book value at the beginning of year 0) on the instruments for expected earnings. Finally, for each of the 38-t years, we calculate the mean value of the regression residual across all firms in that year. This approach allows us to use firm-specific information in estimating an economy-wide variable (mean unexpected earnings), which is likely to improve precision.
We use the same steps in estimating the unexpected change in interest rates in year 0 (UE[∆r 0 ]). Specifically, using the full panel data sample, we regress the change in the one-year interest rate on the instruments for expected earnings. Then, for each sample year, we estimate the unexpected change in interest rates as the mean value of the regression residual across all firms in that year. This approach is likely to remove much of the expected component of the interest rate change because, as discussed below, the instruments for expected earnings include interest rates of different maturities, measured at the beginning of the interest rate change year.
We orthogonalize UE [∆r 0 ] with respect to all the instruments for expected earnings to mitigate potential biases. Skipping this step could result in unpredictable biases if the measurement error in the interest rate variable is correlated with any of the instruments for expected earnings.
An alternative approach (which we also conducted) regresses earnings on the instruments for expected earnings and on the proxy for the change in interest rates in the same stage.
However, the t-statistics from such regressions are likely to be inflated due to cross-sectional correlation in the residuals, and indeed the t-statistics obtained were substantially larger than those reported below. Under the approach here, in contrast, the t-statistics for the second stage time-series regression (which is the focus of the analysis) are not affected by any cross-sectional correlation in the residuals. Moreover, as we orthogonalize the explanatory variable of the second stage with respect to the instruments in the first stage, our approach is essentially equivalent to the one-step approach in terms of the estimated second-stage coefficients (but the tstatistics are substantially smaller). 6 We specify the following instruments for expected earnings: (1) earnings in the year prior to the interest rate change (E -1 ); (2) the book value of common equity at the beginning of the year of the interest rate change (CE -1 ); (3) the market value of common equity at the beginning of the year of the interest rate change (MVCE -1 ); (4) the term structure of interest rates at the beginning of the interest rate change year as proxied for using the one, five, and ten year rates (r1 -1 , r5 -1 and r10 -1 , respectively); (5) the growth rate in the industrial production index in the year prior to the interest rate change (EA -1 ); and (6) the rate of inflation in the year prior to the interest rate change (INF -1 ). The justification for these instruments is as follows.
Many studies have established that earnings, book value and market value of equity contain information about future earnings incremental to each other (for a review of this literature, see Kothari (2001) ). We therefore specify earnings in the year prior to the interest rate change and the book and market values of common equity at the beginning of the interest rate change year as instruments for subsequent earnings.
If changes in interest rates are associated with future earnings, past changes in interest rates should be associated with current and future earnings. We therefore control for the levels of the one-, five-and ten-year interest rates at the beginning of the year. We include all three rates because we examine earnings several years into the future, and also since the slope of the term structure contains information about expected economic growth (e.g., Fama and French 1989) .
We include proxies for economic activity and inflation because expected profits vary over the business cycle, and nominal measures of economic activity (such as earnings) are affected by inflation. Consistent with previous studies (e.g., Fama 1990), we use the growth rate in the Total Industrial Production Index as a proxy for economic conditions, and we measure inflation as the rate of change in the Consumer Price Index. 7 We deflate all the firm-specific variables by the book value of common equity at the beginning of the interest rate change year. 8 To assure that the deflation of these variables does not induce bias, we include the deflation factor (i.e., the inverse of the book value) as an additional explanatory variable.
The first stage earnings regression model is: 
for t =1, 2, …, 5, and the second stage model is:
for t =1, 2, …, 5, where all variables are measured as described above.
Empirical results
The empirical analysis covers all firm-year observations on the combined COMPUSTAT (Industry and Research) files for any of the 38 years from 1964 to 2001 that satisfy the following requirements: (1) The company was listed on the NYSE or AMEX; (2) the company was not a financial institution (SIC codes 6000-6999); (3) the company's fiscal year ended in December;
and (4) the book value of common equity at the beginning of the interest rate change year (i.e., CE -1 , the deflator in the first-stage regressions) is positive.
9
Financial firms are omitted because their revenues and expenses are directly affected by changes in interest rates, and consequently the sensitivity of earnings to changes in interest rates is likely to be different from that of industrial firms.
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The restriction of December fiscal year is set since, as discussed above, our empirical approach involves cross-sectional aggregation. The measurement of the variables is described in Appendix 2. The instruments for expected earnings have the expected sign and are highly significant, in particular past earnings (E -1 ) and the market value of common equity (MVCE -1 ).
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Past earnings are especially significant in the near future regressions, while the market value is highly significant for all six years. The high significance of past earnings and market value confirms the advantage of using firm-specific information in estimating economywide measures of unexpected earnings. In a similar vain, we estimate the first stage regression for the change in interest rates (results not reported).
[Insert Table 1 here]
Next we calculate the cross-sectional means of the residuals from the first stage panel data regressions, and run the second stage time-series regressions of mean unexpected earning in year t (the annual average residual from the earnings regression) on the unexpected change in interest rates in year 0 (the annual average residual from the change in interest rates regression).
As reported in Panel A of Table 2 , the estimated coefficient on the unexpected change in interest rates (β 1 ) is positive and significant for the current (t = 0) and subsequent year (t = 1) and is insignificant for the years t = 2, 3, 4 and 5. These results indicate that unexpected changes in interest rates should revise expectations of current and near future earnings in the direction of the interest rate change.
[Insert Table 2 here]
For most non-financials companies, the only direct effect of increases in interest rates is to increase net interest expense (i.e., interest expense minus interest income). This implies a negative effect on net income (net income equals operating income minus net interest expense), but the empirical relationship in Panel A is positive. To distinguish the direct effect on interest expense from the indirect (information) effect on operating income, we rerun the analysis substituting operating income and net interest expense for net income. In the first stage regressions, we use the same instruments as for expected earnings, except that we now decompose earnings and book value into the related operating and financing components.
The second stage results for operating income (net interest expense) are reported in Panel B (Panel C) of Table 2 . As shown, changes in interest rates are positively and strongly related to subsequent operating income (t = 0 and 1) and net interest expense (t = 0, 1 and 2). However, the change in net interest expense is substantially smaller than the change in operating income (compare the β 1 coefficients from Panel B with the corresponding coefficients in Panel C), which explains the positive relation with net income (in Panel A). We thus conclude that, for nonfinancial firms, the effect of changes in interest rates on expected operating income is on average stronger than the (offsetting) effect on net interest expense.
The positive relationship between changes in interest rates and operating income could be due to a positive effect on revenues or a negative effect on operating expenses. We next rerun the analysis substituting revenues and operating expenses for operating income. In the first stage regressions, we use the same instruments as for expected operating income, except that we now decompose operating income into revenues and operating expenses. The results of the second stage regressions are presented in Table 3 . Similar to the operating-financing decomposition, we observe positive relations for both revenues and expenses, but the coefficients on revenues are larger. Thus, unexpected changes in interest rates should revise expectations of current and near future revenues, expenses and earnings in the direction of the interest rate change.
Interest rates and equity value
Primary analysis
The results of the previous section suggest that changes in interest rate have a positive effect on expected payoffs to holding stocks. They do not reveal, however, the extent to which the change in expected payoffs offsets the negative discount rate effect. We next investigate the net effect of changes in interest rates on equity value. To this end, we refer to the residual income valuation model (see Appendix 1) which expresses equity value as the sum of current book value and discounted expected risk-adjusted residual earnings (that is, earnings in excess of required earnings on the book value of the investment involved in generating the earnings). Under this model, changes in interest rates may affect value by changing either expected residual earnings or the rate at which the residual earnings are discounted.
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Because they have a positive effect on the discount rate, changes in interest rates may have a non-negative effect on equity value only if their effect on expected residual earnings is positive and large enough to fully offset the discount rate effect. Accordingly, we investigate the relationship between changes in interest rates and subsequent residual earnings.
To preface the analysis, we first replicate the research on stock returns and interest rates for our sample. Monthly excess returns (over the risk-free interest rate) for a value-weighted portfolio of all NYSE and AMEX stocks from 1964 to 2001 are regressed on contemporaneous changes in interest rates. Four measures of interest rates are used: the artificial yields on Treasury discount bonds with one and five years to maturity, and the yields on constant maturity Treasury bonds with ten and thirty years to maturity.
14 An implicit assumption in these regressions is that the expected change in interest rates during the month is zero. To examine whether this assumption is a reasonable approximation, we also regress the excess market return on the unexpected change in the one-year Treasury rate, estimated using the one year rate at the end of the month and the term structure at the beginning of the month.
The results are reported in Table 4 . As the mean values of changes in interest rates are relatively small, the intercepts approximate the average monthly market risk premium over the risk-free rate (about 6 percent annually). The results for the total and unexpected change in the one-year interest rate are similar, indicating that changes in interest rates are largely unexpected.
The slope estimates are negative for all maturities (and significantly so): Stock returns, in the aggregate, are negatively related to changes in interest rates. Is this relationship consistent with fundamentals?
[Insert Table 4 here]
To examine the information in interest rate changes about expected residual earnings, we re-estimate the two-stage model described in Section 3, substituting residual earnings for earnings. Panel A of Table 5 report the second stage estimation results. The estimated coefficient on the unexpected change in interest rates (β 1 ) is positive and significant for the current year (t = 0) but negative for all subsequent years (significant for t = 2 and 3).
[Insert Table 5 here]
To assess the overall effect of changes in interest rates on expected residual earnings, we re-estimate the first and second stage regressions substituting the sum of residual earnings in years 0 through t for residual earnings in year t. Panel B of Table 5 reports the results of the second stage regressions. As shown, the slope coefficient in the second stage regressions is negative from t = 2, and significant from t = 4. These results indicate that the positive current year effect only partially offsets the negative future years effect, and so the overall effect of changes in interest rates on subsequent residual earnings is negative.
These findings are consistent with the negative association between changes in interest rates and stock returns. Interest rates are negatively related to stock prices not only because they have a positive effect on the discount rates used in the (market) capitalization of residual earnings, but also because they are negatively related to residual earnings.
Residual operating income and residual Interest expense
In the previous section, we have shown that changes in interest rates are negatively related to subsequent residual earnings, and interpreted this result as indicating that interest rate changes have a negative effect on equity value. This inference assumes that the riskiness of residual earnings remains unchanged (see Appendix 1). However, to the extent that changes in interest rates trigger changes in financial leverage, the riskiness of residual earnings is likely to change.
In particular, if an increase in interest rates leads to a decrease in financial leverage, the riskiness of residual earnings will decrease. Thus, the negative effect of interest rate changes on residual earnings documented in the previous section may not imply a negative effect on expected riskadjusted residual earnings.
To address this concern, we examine the effect of changes in interest rates on the values of operations and net financial obligations separately. Specifically, we re-estimate the two-stage regression model with residual operating income (operating income minus the book value of net operating assets charged by the risk-free rate) and residual interest expense (net interest expense minus net financing debt times the risk-free rate).
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In contrast to residual earnings, the riskiness of residual operating income and residual interest expense is not directly affected by changes in financial leverage. We focus on the effect on cumulative residual operating income and cumulative residual interest expense. The results of the second stage regressions are reported in Table 6 .
[Insert Table 6 here]
It is evident that unexpected changes in interest rates are negatively related to unexpected residual operating income over the six years (Panel A, the t = 5 regression). Thus, increases in interest rates indicate smaller residual operating income and larger discount rates, both implying a negative effect on the value of operations. In contrast, the overall effect of changes in interest rates on residual interest expense is insignificant (Panel B, the t = 5 regression). Since the mean value of residual interest expense is very small (0.2% of the book value of equity), the discount rate effect on the value of net financing debt is also likely to be small (zero divided by any nonzero number is zero).
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Therefore, we conclude that the change in the value of debt is substantially smaller (in magnitude) than the change in the value of operations, consistent with the results of the residual earnings analysis in Table 5 .
Profitability, excess profitability and growth
Residual earnings in year t can be decomposed as follows:
RE t ≡ E t -r t-1 × CE t-1 = (ROCE t -r t-1 ) × CE t-1 = (ROCE t -r t-1 ) × GROWTH -1,t-1 × CE -1 , where ROCE t ≡ E t / CE t-1 is return on common equity in year t; r t-1 is the risk-free spot rate at the beginning of year t; ROCE t -r t-1 is excess profitability in year t; and GROWTH -1,t-1 ≡ CE t-1 / CE -1
is one plus the growth rate in the book value of common equity from the beginning of the interest rate change year (time -1) through the beginning of year t (time t-1). Thus, changes in interest rates may revise expectations of residual earnings by changing expected excess profitability, expected growth, or the covariance between them. Changes in excess profitability could be due to changes in profitability or in the expected spot rate. In this section, we examine the information in interest rate changes about these determinants of residual earnings.
We use the same two-stage approach developed in Section 3. Table 7 [Insert Table 7 here]
In Panel D of Table 7 , we report the results for cumulative growth. Unexpected cumulative growth in book value for t = 1, 2 and 3 is positively and significantly related to unexpected changes in interest rates in year 0. This is not surprising. Growth in common equity may be related to ROCE, which is positively related to changes in interest rates. Thus, the positive relationship between changes in interest rates and unexpected earnings documented in Table 2 is due to positive effects on both profitability and growth in book value.
Distinguishing effects of real interest rates and expected inflation
According to Fisher (1930) , changes in nominal interest rates are due to changes in expected inflation and/or to changes in the real rate of interest. Section 2 indicates that changes in interest rates due to changes in expected inflation may have different effects on expected current and future earnings than those due to changes in the real rate of interest. To distinguish the two effects, therefore, we decompose the unexpected change in nominal rates into expected inflation and real rate components, and re-run the regressions. We measure expected inflation using the mean expected growth in the consumer price index over the next 12-months from the Livingston survey.
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We use this series to estimate the change in the expected inflation and real rate components of the one-year interest rate. Next, to remove the expected component of these variables, we orthogonalize them with respect to the first stage instruments. [Insert Table 8 here]
The overall effect of changes in expected inflation and real rates on residual earnings is negative (the t = 5 regression). As the discount rate effect of both changes is also negative, we conclude that changes in interest rates have a negative effect on equity value independent of whether they are due to changes in expected inflation or changes in real rates. However, compared with real rates, changes in expected inflation have a relatively delayed, less negative and less significant relationship with expected residual earnings.
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Robustness checks
Controlling for economic activity
Changes in interest rates may be proxying for changes in economic activity, as suggested by Fama (1981) and Geske and Roll (1983) . To examine the incremental information in interest rate changes about future residual earnings over that forecasted by changes in economic activity, we next control for the unexpected change in economic activity during the interest rate change year.
We measure the unexpected change in economic activity (UE[∆EA 0 ]) as the cross-sectional mean residual from a panel data regression of the rate of change in the Total Industrial Production Index during the year (which proxies for economic activity) on the first stage instruments from Section 3.
In Table 9 , we report estimation results for the following second-stage equation: Table 9 with those in Table 4 reveals that, once changes in economic activity are controlled for, changes in interest rates appear to have an even more negative effect on expected residual earnings.
[Insert Table 9 here]
Accounting conservatism
In any investigation involving average future realizations as an indication of expectations, survivorship bias is a potential problem, and the problem worsens the further in the future one investigates. We thus limit our investigation to five years ahead.
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Truncating the future raises an additional issue, however. To the extent that interest rate changes are associated with investment, the regression estimates may be biased due to conservative accounting, which reduces earnings during the early years following investments and increases them subsequently.
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We therefore rerun the analysis excluding firms that typically apply conservative accounting. We use three variables to identify such firms: (1) the ratio of research and development (R&D) plus advertising expenses to sales in the year prior to the interest rate change; (2) the price-to-book ratio at the beginning of the year of the interest rate change; and (3) the rate of growth in book value in the year prior to the interest rate change. R&D and advertising costs are expensed as incurred and so firms with high levels of R&D and advertising costs are more strongly affected by conservative accounting. High price-to-book ratios are indicative of conservative accounting because assets are excluded from the balance sheet. Growth serves as a filter because conservative accounting has a greater effect on earnings during growth periods.
Accordingly, we re-estimate the regressions excluding all firm-year observations for which the R&D and advertising were more than 2% of sales, the price-to-book ratio was above the 75 th percentile in each year, or growth in NOA was greater than 20%. The results were similar to those obtained with the full sample. We obtained similar results also when excluding firm-year observations with any R&D or advertising expense, and for all price-to-book quartiles.
Hence we conclude that our inferences are not due to the effects of conservative accounting.
Alternative measurements
In all the analyses thus far, we have focused on the change in the one-year interest rate. This choice makes it easier to interpret the results because we measure earnings and profitability using annual data. To check the sensitivity of the results to the use of alternative interest rates, we rerun the analyses measuring the change in interest rates using each of the following three variables instead of the change in the one year rate: (1) the change in the five year spot rate, (2) the change in the yield on constant maturity Treasury bonds with ten years to maturity, and (3) the difference between the one-year Treasury rate at the end of the year and the corresponding forward rate at the beginning of the year. In all cases, we obtain results similar to those reported.
To construct the second stage variables, we calculated the cross-sectional means of the residuals from the first stage panel data regressions. This approach assigns the same weight to each firm. To check the robustness of the results, we rerun all the analyses using cross-sectional weighted means of the first stage residuals. That is, each residual is given a weight proportional to the value of a weight variable. We use three alternative weight variables: the market and book values of equity, and the book value of total assets, measured at the beginning of the interest rate change year. In all cases, we obtain results similar to those reported above.
Conclusion and discussion
This paper has examined the relationship between changes in interest rates, earnings and equity value. Changes in interest rates are positively related to unexpected earnings, but this effect only partially offsets the negative value effect of the change in required returns. Hence, the overall effect of changes in interest rates on equity value is negative, consistent with the negative correlation between changes in interest rates and stock returns.
The analysis yields further interesting insights. Interest rates are positively related to revenues, operating expenses and net interest expense, but the effect on revenue is the dominant one. Also, an increase in the one-year interest rate predicts a similar increase in same year profitability, but the change in profitability is less persistent than the interest rate change.
Consequently, changes in interest rates are negatively related to subsequent excess profitability and residual earnings. These findings have implications for practitioners and researchers who forecast or use forecasts of earnings for equity valuation, performance evaluation or other objectives. Changes in interest rates convey information about subsequent revenues, expenses, earnings and profitability, and should therefore be incorporated in such analyses.
The negative relationship between changes in interest rates and residual earnings is not due to interest rates proxying for economic activity; after controlling for changes in economic activity, the relationship becomes even more negative. In addition, the directional effects are similar for changes in the expected inflation and real components of nominal interest rates.
Accordingly, our analysis indicates that contrary to the traditional view, equities do not provide a complete hedge against changes in inflation (nor against changes in real interest rates).
Our tests cover only five years after the interest rate change, so the inference that the effect on future residual earnings is negative is made with some reservation.
21
We expect that, as firms make new investments, they would do so to cover the hurdle rates demanded by the changed interest rates. Accordingly one can interpret the negative relationship between changes in interest rates and residual earnings over the subsequent five years as due to the effect on investment in place.
22
This inference is supported by the pattern of the relationship between residual earnings and interest rates. Between years 2 and 5 after the interest rate change, the effect on residual earnings becomes gradually weaker, consistent with the increase in the proportion of new investments (which do not generate negative residual earnings).
The results are for all firms, on average. In the vein of Bernard (1986) , further research may find varying sensitivities to changes in expected inflation and real interest rates among firms. For example, the negative effect of changes in expected inflation on subsequent residual earnings may be delayed for firms with mostly fixed costs, which reflect inflation with a lag. On the other hand, such firms typically have many long-term assets in place, which are costly to reallocate in response to interest rate shocks. Future research may also decompose earnings to identify which components are particularly sensitive to interest rate changes (e.g., cost of goods sold, SG&A or income taxes), and in which circumstances. Such research would broaden our knowledge of the association between changes in interest rates and value drivers and help in the application of fundamental valuation techniques to specific firms.
Appendix 1: Valuation models and stochastic interest rates
The dividend discount model prices expected dividends at the present date, t, on the basis of information at that date as
where d τ is net dividends (dividends plus share repurchases and minus share issues) paid in period τ; R tτ is the riskless return on a dollar invested from date t through date τ (one plus the risk free rate of return, r tτ ), which captures the time value of money; E t and Cov t are expectations and covariances, respectively, from a fixed set of beliefs at date t; and τ Q is an index that captures the relative desirability of payoffs in the different states of nature. 23 Feltham and Ohlson (1999) show that the expression of price in terms of expected dividends can be restated in terms of the current book value of common equity (CE t ), and the expected stream of future residual earnings (RE τ , τ > t). Residual earnings are earnings (E) charged by the product of the beginning-of-period book value and the (uncertain) risk free spot rate, r (i.e., RE τ ≡ E τ -r τ CE τ-1 ). Given clean-surplus accounting such that d τ = E τ -(CE τ -CE τ-1 ) for every state in which dividends are realized at each future date τ,
Both models accommodate stochastic interest rates. The denominator effect of changes in interest rates reduces the present value of expected risk-adjusted dividends or residual earnings. The numerator effect, on which we focus, changes the levels of expected risk-adjusted dividends or residual earnings. 24 We focus on expected residual earnings. We assume that the only effect on the covariance term is due to the change in the magnitude of residual earnings. 25 Hence, the change in the numerator is proportional to the change in expected residual earnings, and the directional effect on the numerator is the same as that on expected residual earnings. In more standard terminology, we assume that changes in interest rates do not affect the "risk premium" over the risk-free rate (or the discount for risk).
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In Section 4, we address the possibility of a change in the covariance due to a change in leverage by examining effects on operations separately from effects on financial items.
Appendix 2: Notation and variables measurement
This appendix describes how the variables are measured.
Financial assets = cash and short-term investments (Compustat #1) plus investments and advances-other (#32).
Financial liabilities = debt in current liabilities (#34) plus long-term debt (#9) plus preferred stock (#130) minus preferred treasury stock (#227) plus preferred dividends in arrears (#242) plus minority interest (#38). (Minority interest is treated as an obligation here; for an alternative minority sharing treatment (that considerably complicates the presentation), see Nissim and Penman (2001) . Tests show that the treatment has little effect on the results.)
Net Financing debt = financial liabilities minus financial assets.
Common equity (CE) = common equity (#60) plus preferred treasury stock (#227) minus preferred dividends in arrears (#242).
Net operating assets = net financing debt plus common equity.
Net interest expense (NIE) = after-tax interest expense (#15 × (1 -marginal tax rate)) plus preferred dividends (#19) minus after-tax interest income (#62 × (1 -marginal tax rate)) plus minority interest in income (#49) minus the change in marketable securities adjustment (change in #238). (See comment regarding the treatment of minority interest in the calculation of Financial Obligations above.)
Earnings (E, comprehensive net income) = net income (#172) minus preferred dividends (#19) plus the change in marketable securities adjustment (change in #238) plus the change in cumulative translation adjustment (change in #230).
Operating income (OI) = net interest expense plus earnings.
Marginal tax rate = the top statutory federal tax rate plus 2% average state tax rate. The top federal statutory corporate tax rate was 52% in 1963, 50% in 1964, 48% in 1965-1967, 52.8% in 1968-1969, 49.2% in 1970, 48% in 1971-1978, 46% in 1979-1986, 40% in 1987, 34% in 1988-1992 and 35% in 1993-2001 . Notes: t-statistics are reported below the coefficient estimates. E is earnings (comprehensive net income to common equity). CE is the book value of common equity. MVCE is the market value of common equity. r1 and r5 measure the artificial yield on Treasury discount bonds with one and five years to maturity, respectively. r10 measures the yield on constant maturity Treasury bonds with ten years to maturity. EA is the growth rate in the industrial production index during the year. INF is the rate of inflation during the year. N is the number of firm-year observations in the pooled time series and crosssectional regressions. Notes: "UE[.]" denotes the cross-sectional mean (i.e., the economy-wide value) of the unexpected component of the variable in brackets. E is earnings (comprehensive net income to common equity). CE is the book value of common equity. OI is operating income. ∆r is the change in the one-year risk-free interest rate during the year. NIE is net interest expense. The unexpected component of each variable is calculated using the residual from a regression of the variable on instruments for its expected value (see Section 3). 
Notes:
t-statistics are reported below the coefficient estimates. The dependent variable, excess market return, is the difference between the monthly value-weighted return including all distributions on NYSE and AMEX firms and the yield (bid-ask average) on the one-month Treasury issue at the beginning of the month. ∆r1 and ∆r5 measure the monthly change in the artificial yield on Treasury discount bonds with one and five years to maturity, respectively. UE_∆r1 is the unexpected change during the month in the one-year Treasury rate calculated using the one-year rate at the end of the month and the term structure at the beginning of the month. ∆r10 and ∆r30 measure the monthly change in the yield on constant maturity Treasury bonds with ten and thirty years to maturity, respectively. The period covers January 1964 through December 2001. The thirty years rate is available only since March 1977. Notes: "UE[.]" denotes the cross-sectional mean (i.e., the economy-wide value) of the unexpected component of the variable in brackets. RE is residual earning, calculated as comprehensive income to common equity minus the one-year risk-free interest rate at the beginning of the year multiplied by the book value of common equity (CE) at the beginning of the year. ∆r is the change in the one-year risk-free interest rate during the year. The unexpected component of each variable is calculated using the residual from a regression of the variable on instruments for its expected value (see Section 3). Notes: "UE[.]" denotes the cross-sectional mean (i.e., the economy-wide value) of the unexpected component of the variable in brackets. ROI is residual operating income, calculated as operating income minus the one-year risk-free interest rate at the beginning of the year multiplied by the book value of net operating assets at the beginning of the year. CE is the book value of common equity. ∆r is the change in the one-year risk-free interest rate during the year. RNIE is residual interest expense, calculated as net interest expense minus the one-year risk-free interest rate at the beginning of the year multiplied by the book value of net financing debt at the beginning of the year. The unexpected component of each variable is calculated using the residual from a regression of the variable on instruments for its expected value (see Section 3). Notes: "UE[.]" denotes the cross-sectional mean (i.e., the economy-wide value) of the unexpected component of the variable in brackets. ROCE is return on common equity, calculated as earnings divided by the book value of common equity (CE) at the beginning of the year. r is the one-year risk-free interest rate, and ∆r is the change in this rate during the year. GROWTH i,j is one plus the cumulative growth in CE from i to j. The unexpected component of each variable is calculated using the residual from a regression of the variable on instruments for its expected value (see Section 3). Notes: "UE[.]" denotes the cross-sectional mean (i.e., the economy-wide value) of the unexpected component of the variable in brackets. RE is residual earning, calculated as comprehensive income to common equity minus the one-year risk-free interest rate at the beginning of the year multiplied by the book value of common equity (CE) at the beginning of the year. ∆rr is the change in the one-year risk-free real interest rate during the year. ∆E(INF) is the change in expected inflation during the year. The unexpected component of each variable is calculated using the residual from a regression of the variable on instruments for its expected value (see Section 3). Notes: "UE[.]" denotes the cross-sectional mean (i.e., the economy-wide value) of the unexpected component of the variable in brackets. RE is residual earning, calculated as comprehensive income to common equity minus the one-year risk-free interest rate at the beginning of the year multiplied by the book value of common equity (CE) at the beginning of the year. ∆r is the change in the one-year risk-free interest rate during the year. ∆EA is the rate of change in the total industrial production index during the year. The unexpected component of each variable is calculated using the residual from a regression of the variable on instruments for its expected value (see Section 3).
